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METHODS AND APPARATUS FOR DISPLAYING MULTIPLE DATA 

CATEGORIES 

FIELD OF THE INVENTION 
[0001] The present invention generally relates to displaying multiple data 
categories, and more particularly to methods and apparatus for displaying multiple 
flight data categories of a vehicle such as an aircraft. 

BACKGROUND OF THE INVENTION 

[0002] A display provides a visual presentation of information. The visiial 
presentation of information with a display can include representations of multiple 
data categories. For example, multiple data categories corresponding to sensors 
and systems of an aircraft can be visually presented to a vehicle operator with a 
display. The multiple data categories can be any number of classes or divisions in 
a classification scheme of information that are to be visually represented on a 
display, such as navigation data (e.g., navigation aid or NAVAID data, airport 
data, fix data, lateral/vertical/time flight plan route data, communication frequency 
data, latitude and longitude data. Grid Minimum Off-Route Altitude (Grid 
MORA) data, air traffic control and boundary data, magnetic variation data, time 
zone data, approach and departure chart data, airport diagram data, city data, road 
data, railroad data, elevation contour line data, river data, lake data, uplink 
weathCT data, winds aloft data, airspace data, airway data and absolute terrain data, 
or the like) and sensor data (e.g., airborne weather data. Automatic Dependent 
Surveillance - Broadcast (ADS-B) data, obstacle data, traffic sensor data or 
Traffic alert and Collision Avoidance System (TCAS), relative terrain data and 
Enhanced Ground Proximity Warning System (EGPWS) data). 
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[0003] Displays have cx)ntinued to advance in sophistication and have achieved 
increasingly higher levels of information density that enable the visual 
presentation of a greater number of data categories. These advancements provide 
the visual display of multiple data categories that can be readily assimilated by an 
operator and/or user of the display and can also provide a reduction in 
unnecessary infonnation to ease the task of perceiving and imderstanding a data 
category of interest. However, as the information density continues to increase, 
methods and apparatus are desirable that visually display the data categories in a 
maimer that provides proper cognitive mapping between the operator and/or user 
of a display and also reduces the effort of the operator and/or user in assimilating 
one or more of the data categories of interest. 

[0004] In view of the foregoing, it should be appreciated that it would be 
desirable to provide an apparatus for displaying multiple data categories. In 
addition, it should be appreciated that it would be desirable to provide a method 
for displaying multiple data categories. Furthermore, additional desirable features 
will become apparent to one skilled in the art from the drawings, foregoing 
backgroimd of the invention, and the following detailed description of the 
invention. 



BRIEF SUMMARY OF THE INVENTION 

[0005] An apparatus is provided for displaying a plurality of data categories each 
having a plxirality of data subcategories. The apparatus includes a display with a 
current luminous output capacity that is configured to concurrently produce a first 
visual presentation of a first data subcategory and a second data subcategory of a 
first data category of the plurality of data categories and a second visual 
presentation of a fourth data subcategory and a fifth data subcategory of a second 
data category of the plurality of data categories. The apparatus also includes a 
processor that is configured to control the display during the concurrent 
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production of the first visual presentation and the second visual presentation to 
generate a luminance difference between the first and second data subcategories 
and a common luminance for the foxirth and fifth data subcategories. The 
luminance difference between the first data subcategory and the second data 
subcategory is at least thirty percent (30%) of the current luminous output 
capacity of the display, and one of the first data subcategory and the second data 
subcategory has a luminance greater than or equal to ninety percent (90%) of the 
current luminous output capacity of the display. The common luminance for the 
fourth data subcategory and the fifth data subcategory that is thirty percent (30%) 
to sixty percent (60%) of the limiinous output capacity of the display. The fourth 
and fifth data subcategories also have a color saturation that is greater than 
seventy-five percent (75%), and a transparency of at least forty percent (40%) to 
provide at least partial visibility of the first and second data subcategories. 

[0006] A method is provided for displaying data fi'om a plurality of data 
categories each having a plurality of subcategories. The method includes the steps 
of concurrently generating first and second particular visual presentations on a 
display and illuminating each of the first visual presentations concurrently with 
illuminating the second visual presentation. The first visual presentation is of a 
first data subcategory and a second data subcategory of a first data category of the 
plurality of data categories, the step of generating a first visual presentation 
includes the step of assigning display parameters to the first data subcategory and 
the second data subcategory. Generating the first visxial presentation and further 
includes the steps of determining a current luminous output of a display, assigning 
one of the first data subcategory and the second data subcategory a limiinance 
greater than ninety percent (90%) of the current luminous output of the display, 
and assigning a luminance difference between the first data subcategory and the 
second data subcategory of at least thirty percent (30%) of the current luminous 
output capacity of the display. The second visual presentation is of a fourth data 
subcategory and a fifth data subcategory of a second data category of the plurality 
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of data categories. The step of generating a second visual presentation includes 
assigning display parameters to the data of the fourth data subcategoiy and the 
fifth data subcategory, which include assigning the fourth data subcategory and 
the fifth data subcategory a common luminance that is diflBarent from at least one 
luminance of the first data subcategory and the second data subcategory by at least 
thirty percent (30%) of a current luminous output capacity of the display, 
assigning one common color saturation greater than seventy-five percent (75%) to 
the data subcategories in the second data category, and assigning one common 
transparency of at least forty percent (40%) to the data subcategories in the second 
data category. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Th^ present invention will hereinafter be described in conjunction with 
the following drawing figures, wherein like numerals denote like elements, and 

[00081 FIG. 1 is an apparatus for displaying data categories according to an 
exemplary embodiment of the present invention; 

[00091 FIG. 2 is the display of FIG. 1 that is concurrently producing visual 
presentations of data categories under the control of the processor of FIG. 1 
according to an exemplary embodiment of the present invention; 

[00101 FIG. 3 is a flowchart illustrating a method of displaying multiple data 
categories according to an exemplary embodiment of the present invention; 

[00111 FIG. 4 is a flowchart illustrating another method of displaying multiple 
data categories according to another exemplary embodiment of the present 
invention; 
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[0012] FIG. 5 is a flowchart illustrating yet another method of displaying 
multiple data categories according to yet another exemplary embodiment of the 
present invention; and 

[0013] FIG. 6 is a flowchart illustrating still yet another method for displaying 
multiple data categories according to still yet another exemplary embodiment of 
the present inventioa 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] The following detailed description of the invention is merely exemplary 
in nature and is not intended to limit the invention or the application and uses of 
the invention. Furthermore, there is no intention to be bound by any theory 
presented in the preceding background of the invention or the following detailed 
description of the drawings. 

[0015] Referring to FIG. 1, an apparatus 100 is illustrated for displaying visual 
objects 130-132, 140-142, and 150-152 representing data from a plurality of flight 
data categories (130s, 140s, and 150s) including weather data 114, Enhanced 
Groxmd Proximity Warning System (EGPWS) data 108, and navigation aid data 
106, according to a preferred exemplary embodiment of the present invention. 
The apparatus 100 comprises a display 24 that is configured to produce visual 
presentations of the data from the three data categories. The display 24 can be any 
known or fiiture display that is suitable for producing visual presentations of the 
data from a plurality of data categories and is preferably a multi-color display. 
For example, the display 24 can be a color Cathode Ray Tube display (CRT), 
monochrome CRT display. Liquid Crystal Display (LCD), plasma display, Flat- 
Panel Display (FPD), electro-luminescent display, vacuum fluorescent display, 
Heads-Up Display (HUD), Heads-Down Display (HDD), Helmet Mounted 
Display (HMD), Light Emitting Diode (LED) display or the like. 
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[0016] In addition to the display 24, the apparatus 100 of the present invention 
also comprises a processor 26 that is configured to control the display 24 during 
production of the visual presentations of the visual objects 130-132, 140-142, and 
150-152 representing data from multiple respective data categories (130s, 140s, 
and 150s). The processor 26 preferably encompasses one or more fimctional 
blocks and can include any number of individual microprocessors, memories, 
storage devices, interface cards, and other processor components. The processor 
26 is configured to receive and/or access the data categories and also 
communicate with an input device 32, which can be any device suitable for 
accepting input from a user 34, such as a cursor control device (e.g., touch-pad, 
joystick, mouse, trackball), for example. The user 34 (e.g., an aircraft pilot 
and/or navigator) preferably provides input to the processor 26 with the input 
device 32 and receives visual feedback 36 from the display 24 of the visual 
presentations of the plurality of visual objects representing the data categories. 
Processor 26 may control display 24 to present a multi-function display (MFD) 
101, which may comprise a lateral display 120 and a vertical situation display 
122. 

[0017] Although illustrated as flight data 102 in a preferred exemplary 
embodiment, the data categories can be any number of classes or divisions in a 
classification scheme of information. As mentioned above, the data categories 
130s, 140s, and 150s in this detailed description of a preferred exemplary 
embodiment will be weather data 130s, Enhanced Ground Proximity Warning 
System (EGPWS) data 140s, and navigation aid data 150s of an aircraft (not 
shown). However, various numbers of data categories can be visually presented 
according to the present invention instead of the illustrated categories of flight 
data 102. The flight data 102 can be comprised of various data categories such as 
airborne weather data 1 14, Automatic Dependent Surveillance - Broadcast (ADS- 
B) data, obstacle data, traffic sensor data or Traffic alert and Collision Avoidance 
System (TCAS), relative terrain data and Enhanced Ground Proximity Warning 
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System (EGPWS) data 140s, and the navigation data 104 which can be comprised 
of data categories such as navigation aid or NAVAID data 106, airport data, fix 
data, lateral/vertical/time flight plan route data, communication fi-equency data, 
latitude and longitude data, Grid Minimum OffRoute Altitude (Grid MORA) 
data, air traffic control and boxmdary data, magnetic variation data, time zone data, 
approach and departure chart data, airport diagram data, city data, road data, 
railroad data, elevation contour line data, river data, lake data, uplink weather 
data, winds alofl data, airspace data, airway data and absolute terrain data, or the 
like. In addition, the present invention is applicable to other displays of an aircraft 
and displays for other land, water, and air or space vehicles. For example, the 
display 24 may be used at a control station for a remotely piloted vehicle (RPV). 
Furthermore, the present invention is also appHcable in nonhvehicle applications. 
For example, the present invention is applicable to simulators. Computer Aided 
Design (CAD) systems, video games, control systems of stationary objects, 
medical diagnostic devices, weather forecasting systems and laptop and desktop 
computers that utilize a display for visual presentation of data categories. 

[0018] The processor 26 is configured to control the display 24 for concurrent 
production of multiple visual presentations (e.g., a first visual presentation, and 
Nth visual presentation, where N is greater than or equal to two (2)). The 
concurrent production of multiple visual presentations in the following example 
shall be the concurrent production of EGPWS data (140s, or first category) and 
airborne weather data 114 (130s, or second category). However, as previously 
described in this detailed description of the invention, more than two data 
categories can be produced on the display 24 in accordance with the present 
invention, and other data categories other than the airborne weather data 1 14 and 
EGPWS data 108 (140s category) can be produced in accordance with the present 
invention. For example, navigation aid data 106 (150s category) may be data in a 
third category. It will be appreciated that the visual presentations of the present 
invention, which allow the user 34 to disaiminate data categories based on 
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displayed luminance and color saturation, may also be used in conjunction or 
disjunction with other visual discriminators such as coloi; including various 
parameters of any selected color model, and transparency. Conjunctive and 
disjunctive use of additional visual discriminators may be used to expand the 
number of visually distinct data categories beyond the number that may be 
discriminated by luminance and color saturation alone. 

[0019] The production of the multiple data categories on the display 24 under 
the control of the processor 26 presents visual presentations of the data categories 
to the user 34 in a manner that preferably assists with the cognitive mapping 
between the display 24 and the user 34 and/or reduces the time, error and/or effort 
of the user 34 in assimilating at least one data category of interest. While the 
discussion herein relates primarily to displaying data from multiple categories on 
a lateral display 120, it will be appreciated that multiple categories of data may 
also be presented on a VSD 122, or the like. It will also be appreciated that, at 
some times during the operation of the exemplary embodiment, one or more 
categories or subcategories thereof may be empty and that for some alternate 
embodiments, fewer than the maximum nxmiber of categories or subcategories 
may be displayed. 

[0020] Referring to FIG. 2, a lateral display 120 produced by display 24 is 
shown producing visual presentation of visual objects, or objects, 140-142 
representing EGPWS data 140s (i.e., a first visual presentation of a first data 
category (140s)) and a visual presentation of visual objects 130-133 representing 
airbome weather data 1 14 (i.e., a second visual presentation of a second data 
category (130s)) according to one exemplary embodiment of the present 
invention. The visual presentations of the airbome weather data 114 and EGPWS 
data 108, including the formation of visual objects 130-132 and 140-142, are 
produced by the display 24 under the control of the processor 26 as shown in FIG. 
1 . The processor 26 can be an integrated component of the display 24, a separate 
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and distinct unit from the display 24, or a combination of integrated component 
and separate and distinct unit. 

[0021] The processor 26 as shown in FIG. 1 is configured to control the display 
24 during concurrent production of the visual presentations of the airbome 
weather data 114 and the EGPWS data 108 such that the presentation of the 
airbome weather data 114 comprises one or more translucent regions overlaid on a 
relative terrain map representation of EGPWS data 108. The translucent regions, 
or partially transparent or partially opaque regions, represent various 
subcategories of the airbome weather data 114. In addition, the processor 26 as 
shown in FIG. 1 is preferably configured to control the display 24 such that the 
presentation of the airbome weather data 114 (e.g., the second data category) 
comprises a plurality of visual objects 130-133, displayed as regions of different 
color or shading. Each data subcategory has one or more visual objects to 
represent its data. Visual object 130 may have a red hue or dark shading to 
connote severe weather, such as a high rate of rainfall. Area 131 defines a region 
of no adverse weather, is transparent, and may be visualized as defining what is 
absent. In some embodiments, area 131 may not be an object. The object 131 
may be represented by omission of airbome weather data 1 14. Visual object 132 
may be, for example, green or lightly shaded to represent an area of weather of 
minor concern, such as a low rate of rainfall, and visual object 133 may be yellow 
or have intermediate shading to represent weather of intermediate concern, such as 
a moderate rate of rainfall. Weather data other than rain fall, such as wind 
velocities, hail, regions of Ughtning activity, and the like, may be displayed. 

[0022] Color or shading may be used to additionally discriminate visual objects 
within a data category. The EGPWS data 108 is represented by a three-color 
aircraft-relative terrain map showing objects 142 representing regions of a fii^t 
altitude band, such as 500 feet to 2000 feet below the aircraft in a first color, such 
as brown. Objects 140, representing regions in a second altitude band, such as 
500 feet below to 2000 feet above the aircraft, are presented in a second color. 
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such as tan. Objects 141, representing regions in a third altitude band, such as 
more than 2000 feet above the aircraft, are presented in a third color, such as 
white. Other or additional altitude bands may be defined as objects representing 
EGPWS data 108 in the 140s category. Data for each altitude band makes up a 
subcategory of EGPWS data 108. The colors and shades shown and described are 
merely exemplary. A variety of color or shading schemes for objects representing 
subcategories within a category are possible. The color difference, or Delta E, 
between colors within a category is at least one, is preferably greater than 25, and 
more preferably greater than 100 and less than 280. Likewise, the Delta-E 
between color schemes of different categories is at least one, preferably greater 
than 25, and more preferably greater than 100 and less than 280. 

[0023] In a preferred exemplary embodiment, a common luminance assigned to 
objects (130-133) in the weather category (130s) is less than the highest 
luminance assigned to objects (140-142) in the EGPWS category (140s). The 
relative luminances should allow the EGPWS objects to be visually 
distinguishable from weather data objects. The difference in luminance between 
categories may be defined in terms of the current luminous output capability of 
the display 24. Display 24 has an adjustable luminance, or brightness, control (not 
shown), which may be manually and/or automatically controlled to compensate 
for ambient cockpit lighting conditions (bright sunlight, night, etc.). The 
luminance output capability of the display is a measure of the amount of light 
emitted from the display 24. The luminance control on display 24 sets the current 
luminous output capability (CLOC) of display 24 by changing the maximum 
amount of light that may be emitted from the display 24. In a preferred exemplary 
embodiment, the difference in luminance between two subcategories of data is 
nominally at least 30% of the CLOC (0.30*CLOC). This allows for a maximum 
of four data subcategories to be visually discriminated based solely on limiinance, 
which is the power per unit area of the light energy leaving the display 24 from 
any defined area. In a particular exemplary embodiment, luminances of 
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0.12*CLOC, 0.62*CLOC, and 1.00*CLOC are used to differentiate between 
visual objects representing three subcategories of EGPWS data, where 
denotes multiplicatioa A fourth luminance, 0.32*CLOC, may be used for all 
subcategories of the second data category. In that same particular exemplary 
embodiment, color saturations of 80%, 30%, 5%, respectively, are used for the 
EPGWS, respectively. Other preferred embodiments have luminance ranges of 
90%- 100%, 45%-65%, and 1-10% with respective color saturations of 0%-10%, 
20%-40%, and 40%-50%, respectively. In another particular exemplary 
embodiment, the CLOC is not adjustable. 

[0024] In accordance with a preferred exemplary embodiment of the present 
invention, the visual presentation of the EGPWS data 108 (e.g., the first data 
category) produced by the display 24 under the control of the processor 26 as 
shown in FIG. 1, preferably comprises a first shaded, or colored-in, area 140 for at 
least a portion of a first object of a first data subcategory representing the EGPWS 
data 108. In addition, the processor 26 as shown in FIG. 1 is preferably 
configured to control the display 24 such that the presentation of the EGPWS data 
108 comprises a second shaded area 141 for at least a portion of a second visual 
object representing a second subcategory of the EGPWS data, and a third shaded 
area 142 for at least a portion of a third visual object representing a third 
subcategory of the EGPWS data. While the presentation of the EGPWS data 108 
comprises the first shaded area 140, second shaded area 141, and third shaded area 
142 for at least a portion of the first object, second object, and third object, 
respectively, the EGPWS data 108 preferably comprises a first shaded area 140, 
second shaded area 141, and third shaded area 142 for a majority of the first 
object, second object, and third object of the EGPWS data 108, respectively, and 
even more preferably a shaded area for substantially all or all of the first object, 
second object, and third object of the EGPWS data 108, respectively. 

[0025] In the example of FIG. 2, the first object represented by the first shaded 
area 140 is a first altitude range with respect to the aircraft:, the second object 
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represented by the second shaded area 141 is a second altitude range with respect 
to the aircraft, and the third object represented by the third shaded area 142 is a 
third altitude range with respect to the aircraft. However, any number of objects 
of a data category can be represented by a shaded area, and a fewer number or 
greater number of shaded areas can be used to designate a fewer number or greater 
number of objects in accordance with the present invention. The visual 
presentation of the objects (140-142) for the EGPWS data 108 (e.g., the first data 
category) provides a visual presentation on the display 24 from which the user can 
determine the existence of each of the objects (140-142) and, as will be discussed 
further in this detailed description of the invention, the translucent visual objects 
(130-133) representing the weather data 114 category (e.g., the second data 
category) present minimal interference with viewing the visual objects (140-142) 
of the EGPWS data 108. For example, mountain top regions represented by 
objects 142a and 142b (representing portions of the third altitude range of 
EGPWS data) can be seen through translucent visual objects 130 and 133, 
respectively. 

[0026] In other embodiments, objects 130-133 may be opaque or may change to 
opaque when there are no objects representing EGPWS data 108, or for other 
reasons, such as focusing the attention of the user 34 on the objects representing 
weather data 114. In another embodiment, Iviminance relationships and other 
display relationships between categories may reverse or otherwise be shifted, 
depending upon the situational relative importance of the data. For example, if 
the user 34 is flying in light rain and is about to engage terrain, the terrain data 
may be made more luminous than the weather data. 

[0027] In accordance with another embodiment of the present invention, 
additional characteristics are provided for the area shading in order to distinguish 
between objects of one data category or data objects of different categories. For 
example, each of the different shaded areas (140-142, 130-133) can be shaded a 
unique color. The colors used for the objects representing different 
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subcategories of a single data category are preferably unique colors, and the colors 
used for the objects of multiple data categories are preferably unique colors. As 
discussed above, the color difference Delta E should preferably be one hiindred 
for colors within and colors between categories. For example, the first object 140 
can be brown, the second object 141 can be tan, and the third object 142 can be 
white. However, any nimiber of colors can be used for the color of the objects 
(140-142) in accordance with the present invention. 

[0028] To provide additional visual discrimination between objects of different 
subcategories and between different categories, the objects of each category or 
subcategory may have a color saturation level different fi-om the color saturation 
level of at least one other subcategory. For example, the EGPWS data 108 may 
be represented by objects having a low color saturation level, giving the objects 
representing the EGPWS data 108 a subdued appearance, and the weather data 
114 may have a high color saturation level, giving the objects 130-133 a bright 
vivid appearance. As discussed above, the color saturation difference and the 
luminance difference are combined to achieve visually discriminated data 
categories 130s and 140s. A color saturation of 100% for visual objects 
representing the weather data 1 14 is used in an exemplary preferred embodiment. 
Other embodiments may have color saturations for the translucent visual objects 
of the weather data category (the 130s category) of between 75% and 100%, with 
85% to 100% being more preferred and 95%- 100% being most preferred. 

[0029] A third category (the 150s) is also illustrated in FIG. 2 which shows 
navigation aid data 106 displayed as exemplary visual objects 150-152. The third 
category may contain any type of displayable data, and navigation aid data 106 is 
merely exemplary. Visual objects 150-153 comprise symbols including a range 
circle 150, a navigation beacon 151, an airport symbol 152, and an alphabetic 
airport designator 153. Other navigation aid data 106 may be additionally or 
altematively displayed. The 150s category exemplifies visual objects in the form 
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of symbols added to visual objects representing areas (140-142) or regions (130- 
133). 

[0030] As illustrated in FIG. 2, the visual objects representing weather data 114 
are translucent and superimposed on the visual objects representing navigation aid 
data 106. In a preferred exemplary embodiment, the navigation aid data 106 may 
be a top display layer. It will be appreciated that display layer data is included in 
display data along with, without exhaustion, color model data and pixel location. 
The color model data may include a discrete luminance parameter. It will be 
appreciated that there are many different color models for mathematically 
describing a color to an electronic display. For example, the RGB-alpha color 
model is in common use. Not all color models have a luminance parameter, per 
se. Rather, in some color models, luminance is affected by combinations of 
parameters. The method of the present invention is not limited to displays using 
color models that have a single parameter for luminance. The luminance may be 
indicated by a combination of color model parameters or may be independent of 
the color model. 

[0031] Referring to FIG. 3 an exemplary method 300 for displaying data 
categories is illustrated according to an exemplary embodiment of the present 
invention. Additional details of the method 300 can be found as previously 
described in this detailed description of the invention. Furthermore, one or more 
of the steps subsequently described are optional, and the following steps can be 
used with other steps not implicitly or explicitly provided in FIG. 3. 

[0032] The exemplary method 300 for displaying data categories comprises the 
step 302 which includes generating a first visual presentation of a first data 
category of the data categories by assigning first display parameters to each data 
subcategory of the first data category, including differentiating luminance 
parameters and also color saturation parameters inversely proportional to the 
luminance parameters. Step 304 includes generating a second visual presentation 
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of a second data category of the data categories by assigning second display 
parameters to each data subcategory of the second data category, including a 
common luminance parameter and a common color saturation parameter. In a 
particular exemplary embodiment, the second data category is assigned a high 
saturation and a mid-range luminance. Second category data may be further 
differentiated by hue. Steps 302 and 304 are typically performed in processor 26 
as shown in FIG. 1. In addition, the method 300 comprises the step 306 of 
illuminating objects of the first data category with using first display parameters 
and the step 308 of illuminating objects of the second data category using second 
display parameters. Illuminating an object includes displaying it on the display 24 
as shown in FIG. 1. As previously discussed, luminance discriminates visual 
objects to a preferred extent when the difference betwera two luminances are at 
least 30 percent of the CLOC. For a display 24 (FIG. 1) with a non-adjustable 
luminance, method 300 may be sufficient. 

10033] For a display 24 with an adjustable luminance, exemplary method 400, 
as shown in FIG. 4, may be preferred. Processor 26 generates objects of the first 
visual presentation in step 402, including parameters giving percentages of the 
current luminance output capacity (CLOC) by subcategory within the first data 
category. Step 404 generates the objects of the second presentation, including 
assigning a parameter assigning a common percentage of the CLOC as a 
luminance parameter. In a preferred exemplary embodiment, the steps 402 and 
404 use flight data 102 as shown in FIG. 1, which may include weather data 114, 
EGPWS data 108, navigation aid data 106 or other flight data 102 as previously 
described. Additional steps 402 and 404 for third and fourth visual presentations 
may be added to method 400 for additional data categories. In step 406, processor 
26 determines the CLOC, which may be calculated as a function of the display 24 
type and the current luminance, or brightness, setting. Each type and model of 
display 24 may have its own calibration curve indicating the relationship of a 
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brightness control setting and a display 24 Iviminance which may be used as a 
basis of the calculation. 

[0034] In step 408, the objects representing the data subcategories of the first 
visual presentation are illuminated on the display 24 at the first limiinances 
provided in steps 402 and 406. The first luminances may be predetermined or 
may be selected by the user 34 xising input device 32 as shown in FIG. 1. The 
objects of the second visual presentation are illuminated at a common luminance 
in step 410. The second luminance may be automatically calculated to be greater 
or less than one or more of the first luminances by an offset of at least 30 percent 
of the CLOC. Up to four luminances for up to four visual presentations may be 
determined in this way (e.g., 5%, 35%, 65%, and 95% of CLOC), but a scheme of 
three visual presentations discriminated by luminance (e.g., 12%, 62%, and 100% 
of CLOC) for the first data category is an exemplary preferred embodiment. It 
will be appreciated that the second data category is associated with a luminance 
parameter selected to avoid washing out the visual objects of the first data 
category. 

[00351 An exemplary iterative method 500 of assigning display parameters to 
subcategories of the first data category and creating a visual presentation is shown 
in FIG. 5. For each data subcategory, a two-step approach is used. The first step 
502 is to assign a imique and visually discriminating set of display parameters to 
each data subcategory. At least one of the display parameters affects luminance 
and at least one of the display parameters affects color saturation. Other display 
parameters may include a color model or other parameters of a color model and a 
layer parameter. Color model parameters may include, without limitation, color 
saturation, transparency/opacity, and hue. PCTceived colors, or hues, for visual 
objects representing the first category must differ fi-om hues for visual objects in 
other data categories by a color difference, or Delta-E, of at least one, preferably 
by at least twenty five, more preferably by a Delta-E of at least one hundred, and 
most preferably by a Delta-E of at least 250. The display parameters for the first 
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data subcategory may be predetennined or may be selected by user 34 using input 
device 32 as shown in FIG. 1. The display parameters for the second and 
subsequent data subcategories may also be predetermined, may be selected by 
user 34 using input device 32 as shown in FIG. 1, or may be automatically 
calculated in processor 26 as a function of the previously determined display 
parameters for other data categories (not shown in FIG. 5) and other data 
subcategories. 

[0036] In step 504, processor 26 associates the display parameters from step 502 
with the data of the current subcategory to build the visual presentation. The 
visual presentation may be a data structure or stream at the end of step 504, 
containing, at least implicitly, at least one luminance parameter, at least one color 
saturation parameter, a layer parameter, and other display parameters as applied to 
the data of the data subcategory to be displayed. Steps 502 and 504 iterate under 
the control of step 506 until the visual presentation has been generated. When 
step 506 has determined that the visual presentation has been generated, the 
objects for each data subcategory may be concurrently illimiinated in step 508 on 
display 24 according to the display parameters for each data subcategory. 
lUvimination provides the user 34 with a constant view of visual objects 
representing the concurrently displayed objects of the data subcategories, but the 
display of the visual objects need not be strictly simultaneous. For example, in a 
dual-raster display, a first object representing a first data subcategory may be 
displayed on a first raster scan and a second visual object representing a second 
data subcategory may be displayed on a second raster scan to produce a constant 
image. In an alternate embodiment, the display parameters are determined 
iteratively and the visual presentations are generated in parallel thereafter. 

[0037] FIG. 6 shows an exemplary iterative method 600 for practicing the 
present invention. In step 602, processor 26 determines the CLOC as previously 
discussed. Step 602 may need to be taken only at start-up and after any 
adjustment of the display 24 luminance. For each data subcategory of the first 
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data category to be displayed, step 604 initiates a loop comprising steps 606, 608, 
610, 612, and 614. In step 606, one or more luminance-affecting parameters are 
assigned to the data subcategory under consideration. For the first data 
subcategory, predetermined or operator-selected parameters may be assigned. For 
subsequent passes through the loop, the parameters may be functions of 
parameters previously assigned to other data subcategories, thereby ensuring 
visual discrimination among all data subcategories. In step 608, one or more 
parameters effective to produce a color saturation inversely proportional to the 
assigned luminance are assigned to the current subcategory. In addition to 
luminance, other display parameters, which may or may not assist in visual 
discrimination, are assigned to the data category under consideration in step 610. 
In step 612, the first visual presentation of the data in the data subcategory is 
sequentially generated by processor 26. When all data subcategories have 
contributed to the generation of the first visual presentation, as determined in step 
614, step 616 assigns a common color saturation and a common luminance to the 
data subcategories of a second data category. Step 618 assigns the remaining 
display parameters for the data subcategories of the second category, which may 
include parameters to discriminate, such as by hue, between data subcategories of 
the second category. Step 618 may include generating the second visual 
presentation, which is then illuminated on the display concurrently with the first 
visual presentation in step 620. 

[0038] From the foregoing description, it should be appreciated that methods 
and apparatus are provided for displaying multiple data categories that present 
significant benefits that have been presented in the summary of the invention and 
detailed description of exemplary embodiments, including a preferred exemplary 
embodiment. The preferred exemplary embodiment has a first data category with 
subcategories differentiated by luminance, inversely proportional color 
saturations, and hue and a second data category with subcategories differentiated 
from the first data category by transparency, high color saturations, and mid-range 
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luminance and further differentiated by hue. The methods and apparatus for 
displaying multiple data categories also present significant benefits that would be 
apparent to one of ordinary skill in the art. Furthermore, while preferred 
exemplary embodiments have been presented in the foregoing description, it 
should be appreciated that a vast number of variations in the embodiments exist. 
Lastly, it should be appreciated that these embodiments are preferred exemplary 
embodiments only, and are not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the foregoing detailed 
description provides those skilled in the art with a convenient road map for 
implementing a preferred exemplary embodiment of the invention. It being 
understood that various changes may be made in the fimction and arrangement of 
elements described in the exemplary preferred embodiment without departing 
firom the spirit and scope of the invention as set forth in the appended claims. 
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